Fractures occurring at the distal part of the lower extremities are recognized to have a relatively lower risk of venous thromboembolism (VTE); however, few detailed reports exist on the subject. The purpose of this study was to investigate the incidence of VTE in fractures around and below the knee. Overall, 109 consecutive patients with fractures around and below the knee who were surgically treated at the authors' hospital were analyzed retrospectively. Physical prophylaxis was performed in all patients. Until April 2009, VTE screening was performed by contrast-enhanced computed tomography or ultrasonography when the D-dimer value did not decline predictably, exceeded 20 µg/mL 5 days after trauma and surgery, or increased above 20 µg/mL after a period of decline. After April 2009, ultrasonography was routinely performed pre-and postoperatively irrespective of the D-dimer value. The patients were divided into 2 groups based on the absence or presence of accompanying injuries, including head, chest, abdominal, or spinal injury and other fractures of the pelvis and lower extremities. Overall, VTE and pulmonary thromboembolism were detected in 28 (25.7%) patients and 5 (4.6%) patients, respectively. All cases were asymptomatic. The VTE incidence rates were 8.6% (former screening) and 40% (newer screening) in patients with isolated fractures and 25% (former screening) and 41.7% (newer screening) in patients with accompanying injuries. The pulmonary thromboembolism incidence rates were 2.9% (former screening) and 0% (newer screening) in patients with isolated fractures and 3.2% (former screening) and 25.0% (newer screening) in patients with accompanying injuries. Surgeons should be vigilant for symptoms of VTE in patients with fractures occurring at the distal part of the lower extremities.
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Takahiro Niikura, MD; SaNg YaNg Lee, MD; keiSuke oe, MD; akihiro koh, MD; Takaaki koga, MD; YoShihiro Dogaki, MD; eTSuko okuMachi, MD; YoShiTaDa Sakai, MD; ToShihiro akiSue, MD; rYoSuke kuroDa, MD; MaSahiro kuroSaka, MD e1476 V enous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary thromboembolism (PTE), is now generally recognized as an important complication in patients with hip fractures. [1] [2] [3] [4] In addition to hip fractures, multiple injuries and pelvic fractures are also recognized to be associated with a high risk of VTE development. [5] [6] [7] [8] [9] [10] [11] In contrast, fractures occurring at the distal part of the lower extremities are recognized to have a relatively lower risk of VTE. However, few detailed reports exist on the incidence of VTE at the distal part of the lower extremities. [12] [13] [14] [15] In addition, prophylactic measures for VTE influence its incidence. In Japan, where this study was performed, anticoagulation drugs were not used as commonly as in the United States and Europe until recently. Fondaparinux sodium and enoxaparin have only been commercially available in Japan since 2007 and 2008, respectively. Furthermore, the use of these drugs is limited to postoperative management and generally only for total knee arthroplasty, total hip arthroplasty, and hip fractures in Japan. Consequently, the main VTE prophylaxis method has been physical prophylaxis without drug administration in Japan. Specifically, graduated compression stockings, intermittent pneumatic compression, and active range of motion exercises for the ankle and toes are usually used for physical prophylaxis in Japan.
However, the incidence rates of VTE vary depending on the screening methods used. Formerly, imaging examinations were performed when judged necessary using the D-dimer value for reference. In contrast, imaging examinations are now routinely performed pre-and postoperatively.
The purpose of this study was to investigate the incidence of VTE in fractures around and below the knee with physical prophylaxis in the absence of drug administration. The incidence of VTE was investigated in 2 different periods by 2 different screening methods.
Materials and Methods
Patients with fractures around and below the knee who were surgically treated were included in this study. Overall, 109 consecutive patients treated at the authors' hospital between February 2004 and October 2011 were analyzed retrospectively. The fracture levels were classified according to the comprehensive classification of fractures by the AO into 3 groups, including the distal femur, patella, and proximal tibia; tibial diaphysis; and ankle and foot. Six patients were immobilized with a cast postoperatively, and 38 patients were immobilized with external fixators.
For VTE prophylaxis, graduated compression stockings and intermittent pneumatic compression were applied in all patients after admission except for the periods of external fixator, skeletal traction, or cast use or due to contraindications for these mechanical prophylactic devices. When graduated compression stockings and intermittent pneumatic compression could not be applied to the injured leg, they were applied to the uninjured leg. Active range of motion exercises for the ankle and toes were indicated for all patients with a clear mental status.
The D-dimer value was assayed by the latex photometric immunoassay method (Mitsubishi Chemical Medicine Corporation, Tokyo, Japan) on blood examination. Normal values are less than 1 µg/mL. The D-dimer value was recorded at least twice weekly from after trauma to more than 1 week postoperatively.
The VTE screening strategy at the authors' hospital changed after April 2009. Before then, contrast-enhanced computed tomography (CT) or ultrasonography was performed when the D-dimer value did not decline predictably, exceeded 20 µg/mL 5 days after trauma and surgery, or increased above 20 µg/mL following a period of decline after trauma and surgery. After April 2009, ultrasonography was routinely performed 1 to 3 days preoperatively and 1 week postoperatively, irrespective of the D-dimer value. Observation of the D-dimer dynamic status was continued in the new strategy. Contrast-enhanced CT was also performed routinely 1 to 3 days preoperatively and 1 week postoperatively for patients with multiple injuries. In total, 67 patients were followed by the former screening strategy until April 2009 and 42 patients were followed by the newer screening strategy after April 2009 ( Table 1 ). The patients comprised 44 men and 23 women (average age, 46 years; age range, 15-95 years) for the former screening strategy, and 29 men and 13 women (average age, 49 years; age range, 18-83 years) for the newer screening strategy. The patients were divided into 2 groups based on the absence or presence of accompanying injuries: with the former screening strategy 35 patients had no accompanying injuries (isolated fractures) and 32 had accompanying injuries; with the newer screening strategy 30 patients had no accompanying injuries (isolated fractures) and 12 had accompanying injuries. The accompanying injuries included head, chest, abdominal, and spinal injuries and other fractures of the pelvis and lower extremities. The incidence of VTE was compared between the patients with isolated fractures and accompanying injuries and between the patients screened by the former and newer screening strategies. The incidence of VTE per fracture site was also investigated in the patients with isolated fractures. For statistical analyses, 232 chi-square, Yates 232 chi-square, m3n chi-square, Yates m3n chi-square, and Fisher's exact probability tests were used.
In addition, the influence of patient age on the incidence of VTE and the influence of accompanying injuries on the duration of bed rest after injury were also examined. For statistical analyses, the MannWhitney U test was used, and P values less than .05 were considered to indicate statistical significance.
results
Overall, VTE (DVT1PTE) and PTE were detected in 28 (25.7%) and 5 (4.6%) patients, respectively ( Figure 1 ). All cases were asymptomatic. Venous thromboembolism was diagnosed in 15 (23.1%) patients with isolated fractures and 13 (29.5%) patients with accompanying injuries. Pulmonary thromboembolism was ) and 4.6% for PTE for all patients; 23.1% for VTE and 1.5% for PTE in patients with isolated fractures; and 29.5% for VTE and 9.1% for PTE in patients with accompanying injuries.
Figure 2:
Graph showing venous thromboembolism (VTE) incidence rates in patients followed by the former screening strategy: 16.4% for VTE (deep vein thrombosis [DVT]1pulmonary thromboembolism [PTE]) and 3.0% for pulmonary thromboembolism (PTE) in all patients; 8.6% for VTE and 2.9% for PTE in patients with isolated fractures; and 25.0% for VTE and 3.1% for PTE in patients with accompanying injuries.
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diagnosed in 1 (1.5%) patient with an isolated fracture and 4 (9.1%) patients with accompanying injuries.
Six patients were immobilized with a cast postoperatively. Of these, 2 were diagnosed with DVT. All 6 patients were followed by the former screening strategy. A total of 38 patients were immobilized with external fixators. Of these, 10 were diagnosed with VTE (3 PTE and 7 DVT). Among the patients followed by the former screening strategy, 23 patients were immobilized with external fixators and 5 were diagnosed with VTE (1 PTE and 4 DVT). Among the patients followed by the newer screening strategy, 15 patients were immobilized with external fixators and 5 were diagnosed with VTE (2 PTE and 3 DVT).
Venous thromboembolism and PTE were detected in 11 (16.4%) and 2 (3.0%) patients, respectively, among the 67 patients followed by the former screening strategy (Figure 2) . Specifically, 3 patients (8.6%) with isolated fractures and 8 patients (25.0%) with accompanying injuries were diagnosed with VTE, whereas 1 (2.9%) patient with an isolated fracture and 1 (3.1%) patient with accompanying injuries were diagnosed with PTE.
Venous thromboembolism and PTE were detected in 17 (40.5%) patients and 3 (7.1%) patients, respectively, among the 42 patients followed by the newer screening strategy (Figure 3) . Specifically, 12 (40.0%) patients with isolated fractures and 5 (41.7%) patients with accompanying injuries were diagnosed with VTE, and no (0%) patient with an isolated fracture and 3 (25.0%) patients with accompanying injuries were diagnosed with PTE. The incidence of PTE was significantly higher in patients with accompanying injuries than in patients with isolated fractures (P,.05).
Observation of the D-dimer dynamic status was continued in the newer screening strategy, and if an abnormally high value was observed, extra imaging examinations were to be added; however, none were added based on the D-dimer values. Eight of 17 cases diagnosed with VTE followed by the newer screening strategy had abnormally high D-dimer values, which were defined in the former screening strategy, but imaging examinations had already been performed as routine work.
The VTE incidence rates were 16.4% (11/67) and 40.5% (17/42) and the PTE incidence rates were 3.0% (2/67) and 7.1% (3/42) in the patients followed by the former and newer screening strategies, respectively. The incidence rate of VTE was significantly higher in the patients followed by the newer screening strategy than in the patients followed by the former screening strategy (P,.01).
The details of the 28 patients diagnosed with VTE are summarized in Table   Figure 2. The classifications of VTE were: 5 PTEs; 2 proximal DVTs (above the knee); and 21 distal DVTs (below the knee). As shown in Figure 4 , the incidences of VTE per fracture site in the patients with isolated fractures were 41.2% (7/17) in the knee, 21.7% (5/23) in the tibial diaphysis, and 13.6% (3/22) in the ankle and foot. No statistically significant differences were detected among the 3 fracture sites.
Age was significantly higher in patients with VTE than in those without VTE for the overall study population (Table 3 ). In addition, age was significantly higher in patients with VTE than in those without VTE among patients with accompanying injuries. The duration of bed rest was significantly longer in patients with accompanying injuries than in those without accompanying injuries (Table 4 ). The duration of bed rest was also significantly longer in patients with accompanying injuries than in those without accompanying injuries in VTE-positive and -negative patients.
discussion
In the current study, the incidences of VTE were 23.1% in patients with isolated fractures around and below the knee and 29.5% in patients with accompanying injuries. Goel et al 13 reported that the incidences of DVT among patients with fractures below the knee were 8.7% in patients who received low-molecular-weight heparin and 12.6% in patients who received a placebo. Lapidus et al 14 reported that the incidences of DVT among patients with ankle fractures were 21% (including 4% with proximal DVT) in patients who received low-molecular-weight heparin and 28% (including 3% with proximal DVT) in patients who received a placebo. Patil et al 15 reported that the incidence of DVT among patients with ankle fractures treated with a plaster cast was 5%, including 2% proximal DVT. Pulmonary thromboembolism was not detected in these studies. The incidences of DVT varied among these studies, which can likely be explained by differences in patient characteristics, fracture treatments, DVT prophylaxis, and DVT detection methods.
In the current study, the incidences of PTE were 1.5% in patients with isolated fractures around and below the knee and 9.1% in patients with accompanying injuries, although all cases were asymptomatic. SooHoo et al 16 reported that the incidence of PTE was 0.34% after ankle fracture surgery. Wang et al 17 reported 3 patients with symptomatic PTE after ankle fracture surgery. Moreover, Chen and Soares 18 reported a patient with fatal PTE following ankle fracture treated with cast immobilization without surgery.
The current authors studied the incidence of VTE in patients with fractures around and below the knee with physical prophylaxis in the absence of drug administration. Pulmonary thromboembolism and proximal DVT exist and must not be overlooked in these patients when considering the instances of VTE. The application of pharmacological prophylaxis may be encouraged after reviewing the significant incidences of VTE and PTE.
Accompanying injuries are risk factors for a higher incidence of PTE. A high incidence of VTE or PTE may be explained not only by the fracture level but also by the severity of trauma, including accompanying injuries. 19 In the current study population, the duration of bed rest was significantly longer in patients with accompanying injuries than in patients without accompanying injuries. Therefore, the higher incidence of PTE among the patients with accompanying injuries may have been caused by the effects of the prolonged bed rest necessitated by the accompanying injuries.
Although the incidence of VTE showed a tendency to be higher in patients with fractures located at more proximal sites compared with fractures at more distal sites, no statistically significant difference was detected. However, a patient with an isolated ankle fracture experienced an asymptomatic PTE. Therefore, surgeons cannot ignore VTE, even if the fracture occurs at the most distal part of the lower extremities.
The authors' former VTE screening strategy involved performing imaging examinations after checking the D-dimer value; therefore, the possibility of undetected VTE cannot be excluded. The current routine performing of imaging examinations pre-and postoperatively is useful for detecting asymptomatic VTE.
The limitations of this study are (1) the study design was retrospective; (2) the fracture characteristics were not identical between the groups for the former and newer screening strategies; and (3) demographic variables can exist and may have affected the VTE incidence, but they were not fully investigated. Because the fracture characteristics were not identical between the groups for the former and newer screening strategies, it is possible that an increased incidence of VTE existed in the patients followed by the newer screening strategy, which can lead to an increased diction rate, owing to an increased number of higher-risk injuries in this group. In addition, demographic variables, such as smoking, diabetes mellitus, obesity, and previous VTE or coagulopathy, may affect the differences between the groups that led to the current findings. The authors also investigated the influence of age on the incidence of VTE and found that the patient's age was higher in those who were VTE-positive. Therefore, age may have an influence on the incidence of VTE.
conclusion
It is recommended that surgeons be vigilant for VTE even in fractures occurring at the distal part of the lower extremities.
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